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HIGH-EFFICIENCY SOLAR CELLS N87-6417

SiNy PASSIVATION OF SILICON SURFACES
b UNIVERSITY OF WASHINGTON
: L. C. Olsen

Objectives and Approach

W OBJECTIVES
e RELATE SURFACE DENSITY TO SUBSTRATE DOPANT CONCENTRATION

» SURFACE CHARACTERIZATION OF HIGH EFFICIENCY n +/p and p +/n SILICON
CELLS

« IDENTIFY DOMINANT CURRENT LOSS MECHANISMS IN HIGH EFFICIENCY CELLS

APPROACH

¢ MEASURE DENSITY OF STATES ON HOMOGENEOUSLY DOPED SUBSTRATES
WITH HIGH FREQUENCY C-V AND AI/SiNy/Si STRUCTURES

* INVESTIGATE DENSITY OF STATES AND PHOTORESPONSE OF H\GH EFFICIEN-
CY N+/P and P +/N CELLS.

* CONDUCT I-V-T STUDIES TO IDENTIFY CURRENT LOSS MECHANISMS IN HIGH
EFFICIENCY CELLS

Presentation Outline

1. SURFACE PASSIVATION

—SINx LEPOSITION
—HOMOGENEOUSLY DOPED SUBSTRATES
—PHOTORESPONSE OF N+/P AND P +/N CELLS

2. SOLAR CELL STUDIES
—MINP CELL WITH TEXTURED SURFACE

3. CURRENT LOSS MECHANISMS

—LIGHT INDUCED CURRENT 1.0SS MECHANISM
—Mg MIS CONTACTS
—NEUTRON ACTIVATION

4. FUTURE WORK
—PASSIVATION OF P+/N CELLS
—FINAL REPORT CONCERNING SiNy PASSIVATION
OF SILICON
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HIGH-EFFICIENCY SOLAR CELLS
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Schematic of PECVD System
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Fabrication of Al/SiN,/Si MIS Structures

¢ CLEAN SILICON SUBSTRATES

WITH RCA PROCESS

N\ r-s

e SUBJECT SUBSTRATE TO NITRIDING STEP "\

(LOW RF POWER WITH NH; @ 70 SCCM) + _
 DEPOSIT ~100 A SiNx WITH SUBSTRATE

AT 270°C AND RF POWER @ 212 W/em?

Al BACK CONTACT

e DEPOSIT > 800 A SiNx WITH

POWER @ 1225 W/cm? "'
o DEPOSIT ALUMINUM |'|'

376

T

9 Bgns v o -

o A



'N‘m:\‘;\ " B Y
R

‘T“~‘ P \

\ ' - .
| gy W B THRY gt L BN Ce T g YR - e '

HIGH-EFFICIENCY SOLAR CELLS

Midgap Interface State Density Versus
Dopant Concentration
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Device Structure for Surface Recombination Study
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HIGH-EFFICIENCY SOLAR CELLS
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C-V Measurement of Interface Density at N+ Surface of N+ /P Cell
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HIGH-EFFICIENCY SOLAR CELLS

Internal Photoresponse fur 0.2

INTERNAL PHOTORESPONSE (%)

INTERNAL PHOTORESPONSE (%)

ohm-cm MINP Cell

100 T |
| L{B) =200 pym -
80 150 um
100 pm
80 [~ -
40 |-  www ceLL 84 s3 -
N/P SILICON MODEL PARAMETERS:
0.2 chevom. Ny = 1.6E + 17/cny’
He 380 )m. XJ=0.2 ym, W=0.09 ym
::l’-:.:t‘lnmm-IOﬂn
20 |- BACK SURFACE REFLECTION -
1S ACCOUNTED FOR IN THE MODEL.
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HIGH-EFFICIENCY SOLAR CELLS

MIS CONTACT
USING Mg OR T

PASSIVATED
SURFACE

N-TYPE

MINP Cell Concept
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AM1 Characteristics of Textured MINP Cell
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CURRENT vS. VOLTAGE
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T = 28.0 °C

EFF = 17.6 % :

VOC = .625 V L
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HIGH-EFFICIENCY SOLAR CELLS
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Loss Current Versus Voltage for llluminated and
Dark Characteristics of Textured MINP Cell

LOG CURRENTC(A/CM~2)

-1

LOSS CURRENT VS. VOLTAGE

| | l | 1 I
86S INP9
_o| 472986
.o« ILLUM
s DARK
-3} —
-4 -
-S— -
-6 o1 | l |
.a .1 02 l3 .4 .5 ls I7

APPLIED VOLTAGE(VOLTS)

Neutron Activation Measurement of Impurity Concentration

A Co S Hg Fe
SAMPLE _lppme) _(ppme) ~_ fppme) _ (ppma)  (ppme) _ COMMENT

< %S

<1088

1284

S5.7ES8

< 283

IBEI

"MES 448

[ AN ]

78 &3

<4

<34

< 3E4

30 E4

<IE4

<25

<20

<28

<28

<2s

AS RECEIVED
FROM WACKER

AFTER P-DIFFUSION
BY ASEC

DARK: Jo = 1.0 E-13 Alem?
n=1.00

ILLUM:Jo = 2E-11 Alem?
N=atl1.18

L>35%m
COMTAMINATE DiH,0

L>220um
GOOD TRANSLATION
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Mg MIS Contact Study
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